Delays between time of sampling and time of testing are common; therefore, the length of time that blood can be stored at various temperatures was evaluated for effects on cholinesterase activity. Six horses were treated with 16 g of trichlorfon per os, 6 horses were treated with 15 g of dichlorvos per os, and 10 horses were untreated controls. The cholinesterase activity in whole blood from each horse was measured using an adaptation of the Ellman calorimetric method. The blood from each horse was then divided into 3 groups and stored at 5 C (refrigerated), 20 C (room temperature), or 38 C (incubated). Subsequent cholinesterase activities were measured daily and then at weekly intervals. The cholinesterase activities did not significantly increase or decrease (P > 0.05) in the blood from the untreated horses until after 1 week for any of the 3 temperature groups. The cholinesterase activities did not significantly increase or decrease (P > 0.05) in the stored blood from the trichlorfon-treated horses for 4 weeks in all 3 temperature groups. The cholinesterase activities significantly increased (P < 0.05) in the stored blood from the dichlorvos-treated horses after 1 week when the blood was refrigerated and by 24 hours when the blood was stored at room temperature or incubated. Therefore, blood from normal or organophosphate-treated horses can be used for cholinesterase evaluation for up to 1 week when stored at 5 C.
Inhibition of cholinesterase (ChE) activity demonstrates a biosystem effect of the organophosphorus and carbamate insecticides. Although clinical signs of anticholinesterase toxicosis are not caused by decreased blood ChE activity, blood ChE activity is an indicator of the acetylcholinesterase (AChE) activity within the nervous system. 2, 3 Delays between time of blood collection and time of cholinesterase evaluation are common. The objective of this study was to determine the length of time that blood can be stored and still be used for reliable determination of ChE activity in hors-packaged in a dosing syringe. Each syringe contained 16 g of trichlorfon (recommended treatment for a 450-kg horse). A dichlorvos product b was packaged as dichlorvos incorporated into polyvinyl chloride resin pellets for slow release of the organophosphate during digestion. Each packet contained 15 g of dichlorvos (recommended treatment for a 409-545-kg horse).
Experimental trial. Prior to treatment, about 10 ml of blood was collected in an ethylenediaminetetraacetic acid EDTA tube from each of the 22 horses, and the ChE activities were measured in each sample within 3 hr of collection. Ten horses were used as untreated controls. Six horses were given es that may or may not have been exposed to organo-the trichlorfon via the dosing syringe, and 6 horses were fed phosphorus insecticides. the dichlorvos pellets mixed with grain. All of the horses had eaten hay 30 min before dosing. Blood was collected from
Materials and methods
the trichlorfon-treated horses 3 hr after dosing. Blood was Horses. Twenty-two adult mares (450-550 kg body weight) were randomly assigned to treatment groups. They were housed outdoors at the Equine Research Laboratory of the University of California-Davis and had no known exposure to anticholinesterase insecticides for at least 6 mo prior to the study. The horses had been dewormed with ivermectin 3 wk prior to the study. The diets consisted of hay and water.
Organophosphates. Two different equine deworming products were used. A trichlorfon product a was an oral paste From the California Veterinary Diagnostic Laboratory System (Plumlee, Richardson, Galey) and the Department of Epidemiology and Preventive Medicine (Gardner), University of California, Davis, CA 95617. collected from the dichlorvos-treated horses 24 hr after dosing because the dichlorvos product was in a slow-release formulation. The ChE activities were measured in each sample within 3 hr of collection (postdose samples; time = 0). Each blood sample was divided into 3 subsamples, and each subsample was stored at 5 C, 20 C, or 38 C. The ChE activity of each subsample was then measured daily for 3 days and then weekly.
Analytical methodology. Cholinesterase activities were determined using a modification of the Ellman method (Richardson ER, Holstege DM, Galey FD: 1992, Proc Midwest Reg AOAC Meet, Champaign, IL). The reaction measures cholinesterase-induced hydrolysis of acetylthiocholine to thiocholine. Thiocholine reacts with 5,5'-dithio-bis(2-nitrobenzoic acid) to produce a yellow color. The rate of color production is measured at 405 nm using a spectrophotometer. c The activity of cholinesterase is expressed in micromoles of acetylthiocholine hydrolyzed per milliliter of blood per minute. Statistical analysis. Repeated measures analysis of variance was used to determine whether temperature (between treatments factor) and time (within treatments factor) significantly affected ChE activity. Multiple pair-wise comparisons were used to determine time points at which differences occurred. A P value of <0.05 was considered significant. µM/ml/minute). The initial postdosing activities for the dichlorvos-treated horses were decreased to 32-42% of the predosing levels (0.8 ± 0.1 µM/ml/minute).
A significant (P < 0.01) change in ChE activity occurred by week 2 in the stored blood from the untreated horses, regardless of the storage temperature (Fig. 1) . The ChE activity in the blood from the trichlorfontreated horses did not increase or decrease (P > 0.05) after 4 weeks of storage, regardless of the storage temperature (Fig. 2) . A significant (P < 0.05) increase in ChE activity occurred by week 2 of storage in the refrigerated blood from the dichlorvos-treated horses (Fig.   3 ). However, a significant (P < 0.05) increase in ChE activity occurred between the postdosing values (time = 0) and the values 24 hours postdosing in the blood stored at 20 C and 38 C.
Results
The mean ± SD for the ChE activities in the untreated horses and for the predose activities in the treated horses was 2.4 ± 0.3 PM/ml/minute. Activities ranged from 1.7 to 3.1 µM/ml/minute. The initial postdosing activities for the trichlorfon-treated horses were decreased to 11-38% of the predosing levels (0.6 ± 0.2 Discussion Previous work (Richardson ER, Holstege DM, Galey FD: 1992, Proc Midwest Reg AOAC Meet, Champaign, IL) demonstrated that the normal cholinesterase activity was 2.3 ± 0.4 µM/ml/minute (range = 1.4-3.0 µM/ml/minute) using the above described analytical method on blood from 32 normal horses. Similar results were found in another study using similar meth-odo1ogy. 1 The initial activities for the untreated horses and the predose activities for the treated horses in our study fell within this range, suggesting that the horses had not been recently exposed to anticholinesterase agents.
Cholinesterase activity < 50% of normal in blood is considered indicative of significant exposure to an anticholinesterase agent. 3 Cholinesterase activity < 25% of normal has been associated with cases of severe dichlorvos-treated horses were <50% of the predose values, indicating significant exposure to an anticho-Although a statistical difference in ChE activities was linesterase agent. The postdosing ChE activities in some found, the activities remained in a range that is of of the trichlorfon-treated horses were <25% of the diagnostic value, regardless of the storage temperature. predose values, which could diagnostically support severe toxicosis. However, none of the horses in this Acknowledgement study exhibited clinical signs associated with organo- In a study done with blood collected from normal cattle, no significant differences occurred in blood ChE activity for samples stored at 4 C for 230 days. 1 Al-a. though ChE activities of normal horses in this study significantly changed after a week of storage, none of b. the activity levels were outside the range considered c diagnostically significant, even after 15 weeks of storage at 5 C. Likewise, the ChE activities in the blood from the trichlorfon-and dichlorvos-treated horses remained in a range that would be considered signifi-1. cantly depressed for diagnostic purposes.
In summary, ChE activity was stable in refrigerated blood for up to 1 week regardless of whether the blood came from a horse exposed to organophosphate insec-2 ticides or from an unexposed horse. Temperature may have an effect on the ChE activity depending on wheth-3. er or not the horse was exposed to organophosphate agents or, if exposed, the type of organophosphate agent.
Sources and manufacturers
Combotel Paste, Mobay Corp., Animal Health Division, Shawnee, KS. Cutter Dichlorvos Horse Wormer, Mobay Corp., Animal Health Division, Shawnee, KS. UVmax Kinetic Microplate Reader, Molecular Devices Corp., Menlo Park, CA.
